Egg-grown mumps virus was used for purification of the glycoproteins of the virus. The two glycoproteins were separated by filtration on DEAE-Bio-Gel A columns and were used for preparation of rabbit hyperimmune sera. Antibodies directed against the large (mol. wt. 75 × IOa) and small (mol. wt. 6I × lO 2) glycoprotein were immunologically distinct. Antiserum directed against the large glycoprotein inhibited haemagglutination, neuraminidase activity and virus infectivity, whereas antiserum against the small glycoprotein inhibited haemolysis, but not haemagglutination, neuraminidase activity or virus infectivity. It is concluded that mumps virus contains two glycoproteins on the envelope which are equivalent to the HN and F glycoproteins described for other paramyxoviruses.
INTRODUCTION
Mumps virus, in accordance with most other paramyxoviruses studied, has been shown to contain two glycoprotein structures (Jensik & Silver, I976) . The two glycoprotein structures were separated by affinity chromatography on agarose-fetuin gels according to the method described by Becht & Rott (I972) . The large glycoprotein carried haemagglutinating (HA) and neuraminidase (NA) activity, whereas the small glycoprotein lacked these activities. Biological activity of the small glycoprotein could not be demonstrated. From previous works (Jensik & Silver, I976; Orvell, I978 , fol!owing paper) it has been proposed that the small glycoprotein of mumps virus is involved in haemolysis and fusion of cells. At present no information concerning specific sera directed against each of the two glycoprotein structures of mumps virus is available.
In previous studies from this laboratory (Norrby & Gollmar, 1975; Orvell, I976) convalescent sera were absorbed with Tween 8o and ether (TE) treated antigen preparations in order to allow a selective detection of antibodies against the haemolysin. This resulted in removal of haemagglutinating-inhibiting (HI) antibodies, which by themselves give haemolysis inhibition, without any significant change in haemolysis-inhibiting (HLI) antibody titres. The latter antibodies were referred to as non-HI HLI antibodies.
Formalin and TE treatment has been used for preparation of vaccines against paramyxoviruses (Henle et al. I951 ; Carter et al. 1962; Wigley et al. I97o; Norrby et al. 1975) , but the protection afforded by such vaccine preparations has been of short duration. This appears to be due to the fact that some critical antigenic component, presumably a part of the haemolysin component, is lacking in such vaccine preparations. However, the polypeptide pattern of Sendai virus (Orvell, 1976) or measles virus (Tyrrell & Norrby, I978) was not significantly affected by TE treatment. Since the titres of non-HI HLI antibodies in convalescent sera were not affected by absorption with TE treated antigenic preparations, it was concluded that TE treatment destroys the antigenicity of a part of the small glycoprotein blocking haemolysis. In contrast to results obtained with convalescent sera, measles non-HI HLI antibodies could not be demonstrated in human sera after vaccination with formalin-inactivated measles virus (Norrby, 1975; Norrby & Lagercrantz, 1976) .
The aim of the present study was to prepare specific antibodies against each glycoprotein in order to characterize envelope components. By the aid of these reagents a comparative analysis was made of antibodies against the two glycoproteins in rabbit hyperimmune sera directed against purified virions, TE treated purified virions and formalin treated purified virions.
METHODS
Virus. The origin, growth and purification procedure of the virus has been described previously (Orvell, I978) .
Purification and separation of glycoproteins. Purified virions were dialysed against 2 M-KCI in o'oz M-sodium bicarbonate buffer, pH 1o-o, disrupted by treatment with z % Triton X-Ioo and processed as described by Scheid & Choppin (t973) . The final glycoprotein preparations in o.oi M-phosphate buffer, pH 7.2, containing 1% Triton X-loo (v/v) were purified on a DEAE-Bio-Gel A column (Bio-Rad Laboratories, U.S.A.) according to the method described by Urata & Seto (I975/76) . The glycoproteins were eluted from the column by stepwise addition of o.I % Triton X-IOO in o.oI M-phosphate buffer, pH 7"2, without salt and containing o'o5 M-NaC1 and o'5 M-NaC1. The different preparations of glycoproteins were precipitated with 5 vol. of absolute ethanol for a minimum time of Izh at -zo °C and were analysed by SDS-polyacrylamide-slab-gel electrophoresis (Orvell, 1978) .
Sera. The method for preparation of rabbit hyperimmune sera has been described previously (Norrby & Gollmar, ~975)-The following preparations were used for immunization of rabbits: large glycoprotein, small glycoprotein, untreated purified virions and purified virions treated with o.1% formalin for z h at 37 °C and with TE (Norrby, 1962; John & Fulginiti, 2966 ) . Formalin and TE treated virus materials were free of haemolytic (HL) activity but retained haemagglutinating (HA) activity.
Serological tests. The techniques used in HI, HLI neuraminidase inhibition (NI) and neutralization (NT) tests have been described previously (Orvell, 1976) . Since the purified large glycoprotein of mumps virus was found to be associated with HA and NA activity it was used as antigen in HI and NI tests in the present study. Complement fixation (CF) tests were performed as described in an earlier publication (Norrby & Gollmar, I972) . A purified preparation containing both glycoproteins was used as antigen in CF tests. The sensitive microtechnique for immunodiffusion described by Salmi (1969) In some experiments bottles were treated with varying concentrations of formalin. The cell monolayer was washed in PBS after which varying concentrations of formalin in PBS were added. After treatment for 2 h at 37 °C the formalin was poured off and the cell monolayer washed three times in PBS and used in the experiments.
RESULTS

Separation of the two glycoproteins
Purified glycoprotein preparations were fractionated on DEAE-Bio-Gel A columns (Fig. I ). Three peaks of aH-glucosamine labelled glycoproteins were consistently obtained. Most of the HA activity was found in the first peak, but a small part of the total HA activity was recovered in the second peak (Fig. I) . The third peak appeared to be devoid of HA activity. The polypeptides of the three peaks were characterized by SDS-polyacrylamide-gel electrophoresis (Fig. 2) . The first peak contained the large glycoprotein in pure form, the second and third peak both contained the small glycoprotein. The amount of HA of the second peak was too small to be detected in the gels. The third peak was contaminated by the two virus polypeptides with mol. wt. of 7I × Io 3 and 44 × t&. It was found in a recent study (Orvell, I978) that treatment with Triton X-Ioo under alkaline conditions solubilizes a fraction of these two non-envelope polypeptides. 
Antibody activity of hyperimmune sera against virus glycoproteins Rabbits were immunized with preparations of purified large and small glycoprotein obtained from filtration experiments (represented by the pooled material I and III in Fig. L Antisera directed against each of the two glycoproteins were immunologically distinct in immunodiffusion test (Fig. 3) . The rabbit hyperimmune serum directed against the small glycoprotein in some experiments exhibited a somewhat diffuse precipitation line (Fig. 3) . This serum contained pronounced HLI and CF antibody titres, but HI and NI antibodies were not detectable (Table [ ). In contrast, the serum directed against large giycoprotein contained HI and NI antibodies. The HLI and CF antibody titres of this serum were of the same order of magnitude as serum against the small glycoprotein. Since HI and NI antibodies (antibodies against the large glycoprotein) inhibit haemolysis, the occurrence of antibodies against the small glycoprotein giving HLI was assayed after absorption of sera with TE treated antigen preparations (Norrby & Gollmar, [975; C)rvell, [976) . Removal of HI antibodies by this procedure eliminated all antibody activity detectable in HLI tests, inferring that no antibodies reacting with the small glycoprotein were present. 
Presence of antibodies against the two virus glyeoproteins in hyperimmune sera against purified virions, untreated and treated with formalin and TE
Purified virions, untreated and treated with formalin and TE as described in M e t h o d s were used for immunization of rabbits. In analogy with results obtained in studies of Sendai and measles virus, T E treatment did not significantly affect the polypeptide pattern of m u m p s virus. The a n t i b o d y titres in serum from one rabbit of each group are described in Table z , Since H I and N I antibodies (antibodies against the large glycoprotein) inhibit haemolysis, the occurrence of antibodies against the small glycoprotein giving H L I was assayed after absorption o f sera with TE treated antigen preparations. R e m o v a l of H I antibodies eliminated all antibody activity detectable in H L I tests, inferring that no n o n -H I H L I antibodies were demonstrable in these sera (Table 2) . However, by immunodiffusion analysis, antibodies against the small glycoprotein were detected in these sera. A n identity line was observed in gel diffusion tests comparing sera against purified virions, T E treated purified virions and formalin treated purified virions with antiserum against the small glycoprotein. One serum directed against TE treated purified virions is presented in Fig. 4 . 
The effect of formalin on mumps virus-specific glycoproteins on infected cells
It has been shown in studies on Sendai virus (Sato, I958) that the haemolytic activity of Sendai virus is more sensitive than haemagglutinating activity to formalin treatment. A similar relative sensitivity to formalin treatment was observed with mumps virus in the present study. It was considered of interest to study the effect of formalin treatment not only on the biological activity, but also the effect on the antigenicity of the two glycoproteins. Therefore formalin treatment of the mumps virus infected cell monolayer in mixed haemadsorption tests was carried out in tests with sera against the two glycoproteins and against purified virions, untreated and treated with formalin and TE. In unfixed bottles there was a good correlation in all sera between the diameter of zones and CF antibody titres in tests with purified glycoprotein preparations. Formalin treatment of the cell monolayer resulted in disappearance of zones arising from attachment of antibodies binding to the small glycoprotein, whereas zones resulting from antibodies attached to the large glycoprotein were only moderately affected at lower concentrations of formalin (Table 3 , Fig. 5 )-Treatment with 1% formalin destroyed all surface antigens. A similar relative sensitivity between the two kinds of zones was also observed when the bottles were treated with I or a % paraformaldehyde (PFA) for I5 min at 4 °C. Absorption of sera directed against the large glycoprotein and against purified virions (untreated or treated with TE and formalin) with TE treated antigen preparations resulted in a marked reduction or disappearance of zones.
DISCUSSION
A number of techniques have been developed for the isolation of paramyxovirus glycoproteins. In previous studies on Sendai virus (Orvell & Norrby, I977) filtration on DEAEBio-Gel A columns and sucrose density electrofocusing (Shimizu et al. I974) were used to obtain the two glycoproteins in pure form. In this study the use of the DEAE-Bio-Gel A filtration technique was sufficient to obtain an efficient separation of the two glycoprotein structures. However, in contrast to results obtained with Sendai virus, the small glycoprotein was never obtained in pure form. Preparations of the small glycoprotein used for immunization always contained the 7I and 44 K structural polypeptides of mumps virus.
The large glycoprotein carried HA and NA activity, but the small glycoprotein lacked these activities. Antisera against each of the two glycoproteins were shown to be immunologically distinct. The antiserum against the small glycoprotein of mumps virus contained HLI antibodies, but lacked demonstrable HI or NI antibodies. Hence the small glycoprotein of mumps virus must be involved in haemolysis and fusion of cells. c. O R V E L L Fig. 5 . The effect of formalin on surface antigens in mumps virus infected cells determined by mixed haemadsorption. The bottle to the left was untreated and the bottle to the right was treated with o q ~ formalin for 2 h at 37 °C. The following sera were used: rabbit hyperimmune serum against the small glycoprotein (A), rabbit hyperimmune serum against purified virions (C) and rabbit hyperimmune serum against the large glycoprotein (B). Note the disappearance of the haemadsorption zone resulting from binding of antibodies against the small glycoprotein (A) in the formalin treated bottle. The sera were tested at a dilution of l/20.
The small glycoprotein of mumps virus is therefore equivalent to the F glycoprotein described for other paramyxoviruses, the only difference being that the F glycoprotein of mumps virus has a considerably higher tool. wt. (Orvell, I978 ) . The large glycoprotein of mumps virus is equivalent to the large or HN glycoprotein of other paramyxoviruses. The mol. wt. of the HN glycoprotein of mumps virus is similar to the tool. wt. of HN glycoproteins of other paramyxoviruses.
It has been shown previously (Norrby & Gollmar, 1975; Orvell, 1976) in studies from this laboratory that antibodies against the haemolysin could be demonstrated in convalescent sera after removal of HI antibodies by absorption with TE treated antigen preparations. The corresponding absorption of rabbit hyperimmune sera directed against purified virions, TE treated purified virions and formalin treated purified virions, removed all antibody activities. It is difficult to understand why non-HI HLI antibodies could be demonstrated in convalescent sera but not in rabbit hyperimmune sera against whole virions. One possibility is that replication of mumps virus may be a necessary pre-requisite for production of a demonstrable non-HI HLI response. When rabbits are immunized with virions, the haemagglutinin, if dominating on the envelope, may block an efficient presentation of the haemolysin to the antibody forming cells. However, immunization of rabbits with the purified small glycoprotein or pronase treated virus particles, which predominantly contain the small glycoprotein, results in an efficient non-HI HLI antibody response. TE treatment of mumps virus, Sendai virus or measles virus did not affect the polypeptide pattern of these viruses, but absorption of convalescent sera with such antigenic preparations resulted in removal of HI antibodies without changing the titres of HLI antibodies. It therefore seems likely that TE treatment induces structural changes of HL antigen. Immunodiffusion analysis of antisera from animals immunized with TE treated purified virions demonstrated antibodies against the F glycoprotein, hence the whole F glycoprotein was not affected by the treatment. No spur formation was seen in comparison of sera against purified F and TE preparations. This may be due to the presence of only limited quantities of antibodies against the TE sensitive part of the F glycoprotein.
Formalin treated paramyxoviruses have been used as vaccines (Henle et al. I95I; Carter et al. I962; Wigley et al. I97o; Norrby, I975) and formalin treated mumps virus preparations are still in use as vaccines in the Finnish defence forces (Penttinen et al. I968 ) . The protection afforded by such vaccine preparations upon exposure to wild virus has been of short duration (Henle et al. I95I) . This may be due to the fact that some critical antibody component is not formed after immunization with such vaccine preparations. Recent studies have shown that mumps virus non-HI HLI antibodies cannot be demonstrated in sera after vaccination with formalin treated mumps virus preparations (Norrby & Penttinen, I979) . This finding is corroborated by the observation in MH experiments that the haemolysin is more sensitive than the haemagglutinin to formalin treatment. In a recent study (Orvell, I978) it was shown that the large glycoprotein was more sensitive than the small glycoprotein to pronase or trypsin treatment. Attempts were therefore made to treat the bottles with these enzymes in order to visualize specifically the zones resulting from attachment of antibodies to the small glycoprotein. In untreated bottles the activity of the two enzymes caused the cells to come away from the glass wall. The bottles were therefore fixed for 2 h at 37 °C with o.ooi or o'oo5 % formalin which did not destroy the antigenicity of the small glycoprotein. Also at these formalin concentrations the cells were removed from the glass wall by the activity of the two proteolytic enzymes. 
